The interrelation between endoscopic findings in esophageal varices, and systemic and hepatic hemodynamic abnormalities was studied in 76 male patients with compensated cirrhosis. Observation of these patients revealed a hyperdynamic systemic circulation, represented by an increased cardiac output and reduced total systemic vascular resistance with an enlarged circulating plasma volume and without an increase in heart rate, in comparison with 23 male patients with chronic hepatitis.
The interrelation between endoscopic findings in esophageal varices, and systemic and hepatic hemodynamic abnormalities was studied in 76 male patients with compensated cirrhosis. Observation of these patients revealed a hyperdynamic systemic circulation, represented by an increased cardiac output and reduced total systemic vascular resistance with an enlarged circulating plasma volume and without an increase in heart rate, in comparison with 23 male patients with chronic hepatitis.
In patients with cirrhosis and esophageal varices, the hyperdynamic circulatory state was closely related to the condition of the varices, in which a progress in the form was accompanied by an advance in the degree of hyperdynamism with an increase in circulating plasma volume. Whereas the extent of the varices as indicated by the location was closely related to a rise in the wedged hepatic venous pressure. The shunt volume through the portal-systemic collaterals requires further study to elucidate the mechanism of hyperdynamic circulation. Currently, there is much interest in pharmacological studies of portal hypertension
(1-4), and in the prevention of associated bleeding from esophageal varices (5-7). An understanding of the interrelation between portal hypertension with esophageal varices, and systemic and hepatic hemodynamic abnormalities is fundamental to the proper management of patients with cirrhosis and esophageal varices. Hyperdynamic systemic circulation is a well described consequence of cirrhosis with portal hypertension, and has been primarily attributed to the degree of liver failure (8) (9) (10) .
Recently, the azygos blood flow, an index of the blood flow through the gastro-esophageal collaterals draining into the azygos vein, has been reported to reach more than 9% of cardiac output in patients with cirrhosis and esophageal varices (ll, 12) . A close correlation between the increase in azygos blood flow and the size of the esophageal varices has been revealed (12). Thus, esophageal varices are thought to be an important factor for modulating systemic and hepatic hemodynamics in patients with cirrhosis. This investigation was undertaken to clarify the interrelation between hepatic and systemic hemodynamic abnormalities and the endoscopic findings of esophageal varices in patients with compensated cirrhosis.
PATIENTS AND METHODS

Patien ts
Seventy-six male inpatients with wellcompensated cirrhosis (Pugh's category A and B (13)) and no ascites were investigated.
Cases complicated with hepatocellular carcinoma, severe cardiovascular disease, pulmonary diseases or overt diabetes mellitus were not included. To compare the hemodynamic parameters, 23 male inpatients with chronic hepatitis were also investigated. The EHBF in patients whose ICG extraction rate was less than 10% was omitted from consideration.
The circulating plasma volume was measured by the dye dilution method (15). Briefly, 5, 8, ll and 14 min after intravenous injection of ICG, 0.5 mg/kg body wt, blood samples were drawn from the femoral artery. The optical density of the serum samples at 805 nm was plotted against time on a semilogarithmic graph. The circulating plasma volume was calculated from the initial concentration of serum ICG, which was indicated by the extrapolation of the plotted line to 0 min on the graph, and the dose of ICG. Pressure measurements were performed using a Corp., Tokyo, Japan), where the zero reference level was arbitrarily positioned at the midaxillary line, which was regarded as being at the same level as the right atrial orifice. Systolic and diastolic arterial pressures were measured by the Korotkoff method. (3) Circulating plasma volume and esophageal varices
The circulating plasma volume in F3, as well as in F2, was significantly greater than that in F{ (Table 3 ). There were no significant differences in circulating plasma volume amongthe three locations of the esophageal varices, though an advance in variceal location was accompanied by a gradual increase in the circulating plasma volume (Table 4) . No significant differences were found in circulating plasma volume between white and blue varices, or between the presence and absence of red-color signs (Table 5) . 1.6 zb 3.8 mmHg,respectively), but these differences were not statistically significant. The WHVP in patients with esophageal varices of F2 tended to be higher than that in patients with varices of Fj (p<0.06); but the WHVP and HVPG in patients with varices of F2 and F3 were not different ( Table   6 ). The WHVP and HVPG of the patients with esophageal varices of Ls, however, were significantly higher than those in patients with varices of Li or L m.
The EHBF in patients with varices of F3 was significantly reduced in comparison with that in t hose with F2 varices. There were no differences in the hepatic hemodynamic parameters between the white and blue varices or between the red-color sign categories. (6) Plasma renin activity and plasma aldosterone l evels in cirrhosis and esophageal varices The circulating plasma volume did not correlate with either the plasma aldosterone level or plasma renin activity (r=0.30 and n=19, and r=-0.09 and n=20, respectively) in patients with cirrhosis with esophageal varices. The mean value (± S.D.) for plasma renin activity, however, in patients with varices of F3 tended to be higher than in those with Fj (p<0.10) or F2 (p<0.06) varices as shown in Table 7 . DISCUSSION A hyperdynamic systemic circulation, which is characterized by an increased cardiac output, reduced total systemic vascular resistance, enlarged circulating plasma volume and hypotension, is an already well-described feature of patients with decompensated cirrhosis (8, 9). Although the patients in the present study were limited to those with compensated cirrhosis, in comparison with chronic hepatitis, a systemic hyperdynamic circulatory state existed in them. The increase in cardiac output was accompanied by an increase in circulating plasma volume and a decrease in total systemic vascular resistance without an increase in heart rate. A significant positive correlation between cardiac output and circulating plasma volume was observed. One of the characteristic findings of the present study was a progressive increase in circulating plasma volume, as well as in cardiac output, and a gradual decline in total systemic vascular resistance in association with an advance in the form of the esophageal varices. On the other hand, the progressive rise in the portal pressure, as indicated by WHVP and HVPG, was associated with an e xpansion of the area of the varices.
The present study was confined to patients with compensated cirrhosis to avoid complex conditions such as body fluid redistribution (1 6), neurohumoral derangement (17, 18) and renal impairment (19), which are frequently observed in advanced cirrhosis. We used WHVP and HVPG as indicators of portal pressure in the present investigation. It has been postulated that the substitution of WHVP for portal pressure may result in an underestimation in patients with cirrhosis of viral origin (20, 21 In the present investigation, the etiologies of cirrhosis in more than half of the patients were hepatitis B virus and non-A, non-B virus that was probably C virus, which is histopathologically similar to cirrhosis due to the B virus. We employed a simple dye dilution method using ICG to estimate the circulating plasma volume in order to compare the groups in compensated cirrhosis and chronic hepatitis. ICG is a dye which is exponentially removed from the circulation for at least a 20-min period after its injection, and is excreted almost entirely via the liver (23). Therefore, its plasma volume of distribution at 0 min is identical to the circulating plasma volume (15).
An elevation in portal pressure has been reported to be correlated with an increase in cardiac output (24). In the present observation, however, cardiac output, as well as other systemic hemodynamic parameters, did not correlate significantly with either WHVP or HVPG, both of which reflect portal pressure. The discrepancy of the results may be mainly due to the difference of the severity of the cirrhosis in the patients studied. The cardiac output, left ventricular stroke volume, total systemic vascular resistance and circulating plasma volume correlated significantly with the size (form) of the esophageal varices rather than with the elevation of portal pressure in the present patients. Hyperdynamic systemic circulation has also been observed in patients with portal hypertension due to portal obstruction and a normal liver (25). In these patients, the increase in the portal-systemic collateral circulation might be involved in the pathogenesis of the hyperdynamic circulation.
The azygos blood flow has been shown in patients with large esophageal varices to be greater than that in patients with small esophageal varices (12). Although portal-systemic collateral channels involving routes other than the azygos vein were not studied in the present investigation, the above facts suggest that a portal-systemic shunt may play a partial role in hyperdynamic circulation in patients with cirrhosis.
An increase in circulating plasma volume has been demonstrated in patients with liver cirrhosis and portal hypertension, as well as in patients with ascites (26, 27 In the present investigation, the rise in the WHVP and HVPG was closely related with the extension of the area of the esophageal varices rather than with their form. The reduction of EHBF in patients with large esophageal varices that we observed may represent a n increased portal collateral flow. In summary, in patients with well-compensated cirrhosis and esophageal varices, hyperdynamic systemic circulation with an increase in circulating plasma volume was closely related with their variceal form, in which an increase in the variceal size was accompanied by an increase in their degree of hyperdynamism. Whereas an expansion of the area of the varices was closely related with a rise in the portal pressure. The shunt volume through the portal systemic collaterals should be studied to elucidate the mechanism of a hyperdynamic circulation. 
